1. Stream hydrology is considered the primary factor in structuring freshwater fish communities, influencing stream habitats, food resources, and life-history characteristics. Changes in stream hydrology, from climate change and anthropogenic sources (e.g. dams, irrigation channels), are thought to have adverse impacts on many freshwater species. 3. Using geometric morphometrics and meristic counts, body shape, fin rays, and sensory pores were compared. As hypothesized, high-flow river systems were correlated with sculpin with more dorsoventrally compressed, slender body shapes that minimized resistance to flow (P<0.001). Rocky Mountain sculpin had more pectoral fin rays in populations with higher flows than lower flows, potentially allowing them to increase friction when gripping onto the substrate (P<0.001), and more anteriorly and dorsally located head pores to improve detection of floating prey (P<0.001).
reduce biodiversity (Pringle, Freeman, & Freeman, 2000) . Determining how stream hydrology affects freshwater fishes is important for determining how to mitigate the impacts of stream hydrology and provide appropriate conservation measures.
It is well known that local adaptations to various environments can lead to morphological and genetic differences within the same species (Collin & Fumagalli, 2011; Endler, 1986; Kawecki & Ebert, 2004) . Even among similar flow gradients, morphological divergence can occur (McLaughlin & Grant, 1994; Pakkasmaa & Piironen, 2000) . In freshwater systems, flow has been recognized as a driving force behind intraspecific morphological adaptation in fish species (Brinsmead & Fox, 2002; Langerhans, 2008; Langerhans, Layman, Langerhans, & Dewitt, 2003) . In these studies, pelagic fish tend to have more slender, fusiform bodies and deeper caudal peduncles when exposed to fasterflowing waters (Collin & Fumagalli, 2011; McLaughlin & Grant, 1994; Webb, 1984) . These morphological adaptations help minimize drag forces on the body, thereby optimizing energetic expenditure (Sagnes & Statzner, 2009; Webb, 1984) . Few studies account for benthic fish, however, which have different life histories (Facey & Grossman, 1990 ).
The Rocky Mountain sculpin (Cottus sp.) is a 'Threatened' species in Canada and is listed under the federal Species at Risk Act. Like many legal frameworks around the globe (Vardakas et al., 2017) , the Species at Risk Act provides protection of 'critical habitat', defined as 'the habitat that is necessary for the survival or recovery of a listed wildlife species' (Fisheries and Oceans Canada, 2017) . In addition, a recovery plan that outlines the actions needed for species recovery is required.
This plan must address how to mitigate key threats to the species. For Rocky Mountain sculpin, the main threat is thought to be changes in stream hydrology. Rocky Mountain sculpin live in varying hydrological regimes, differing by three orders of magnitude across its range (from minimum 0-1 m 3 s -1 to >120 m 3 s -1
; Figure 1 ). (Koumoundouros et al., 2009) , and flow regime (Natsumeda, Tsuruta, Takeshima, Awata, & Iguchi, 2014) . Sculpins are sedentary fish with relatively deep bodies and a bulky caudal peduncle (Webb, 1984) .
Their robust torso allows for short, strong bursts of forward movement when necessary, but prolonged swimming is energetically costly. Sculpins maintain their position in running water by relying heavily on their large, rigid pectoral fins to hold themselves in place among the substrate (Facey & Grossman, 1990) . In highly turbulent environments, sculpin exhibit prominent pectoral fins forming more robust tissue connections where the fin meets the body (Kane & Higham, 2012) .
Unlike pelagic species, benthic species must morphologically reduce drag against their body in river systems to maintain their position (Koehl, 1984 This information has built upon the known ecology of this species and will help in identifying whether populations from different river basins and biogeography are unique in their meristics and morphometrics.
2 | METHODS
| Species
The identity and description of sculpins (family Cottidae), including Rocky Mountain sculpin, have long confused researchers in western North America (Bajkov, 1927; Hughes & Peden, 1984; Lemoine et al., 2014; Markle & Hill, 2000; Taylor, 2010; Zimmerman & Wooten, 1981) .
Previously, Rocky Mountain sculpin were confused with at least three other species (COSEWIC, 2010) . Rocky Mountain sculpin were first characterized in 2002 (Neely, 2002) , and are considered a taxonomically valid species in Canada (Taylor, 2010) , despite no official description. Rocky
Mountain Sculpin show clear phylogenetic differences with other Cottus species (COSEWIC, 2010; Neely, 2002; Young, McKelvey, Pilgram, & Schwartz, 2013) . Differences in population levels do occur between populations on the eastslope and westslope of the Rocky Mountains in Canada , but analysis of 1140 cytochrome b base pairs show that these populations are the same species (COSEWIC, 2010 
| Study area
Rocky Mountain sculpin occur across a wide range of stream hydrology ( Figure 1 ). Of the four study systems, the Flathead River has the highest flow, with average peak discharge rate of 125 m 3 s -1 . The St.
Mary River has the highest average peak flow rate for streams on 
| Sculpin collection
A minimum of 40 Rocky Mountain sculpins were collected from each of the four rivers. Sculpins were electro-shocked using a Smith-Root LR-24 backpack electrofisher. Sculpins were left overnight in a flowthrough bin to reduce their stress levels before transport. In total, 339 live fish were moved to holding tanks in the Aquatics Research
Facility at the University of Alberta, a level-three bio-secure aquatic holding facility.
| Sculpin data preparation
Rocky Mountain sculpin collected from each river were euthanized and positioned with splayed fins. Images were taken with a Nikon D3100 form. Each photograph included a reference scaling factor to standardize fish size across photographs. Meristic measurements, such as fin rays, fin spines, and head/body pores, were subsequently determined for each individual. These meristic counts were chosen as they were similar to the original species description (2002).
Landmarks were placed in areas that provided easy replication, such as the location of the eye and the origin and insertion of fin locations. Landmarks were marked using tpsDIG software (Rohlf, 2005) , and their location was translated into X and Y coordinates in a .TPS file.
Landmark criteria, as described by Dryden and Mardia (2016) , were reference points on the sculpin's body that could be found accurately and marked across a large number of specimens. These points included fin insertion points, eye placement, and caudal peduncle locations.
| Differences in body morphology
Differences in body morphology were tested using geometric morphometric analysis using the geomorph in the R programming language (Adams, Collyer, & Sherratt, 2014; R Core Team, 2016) . A General Procrustes Analysis (GPA) was conducted on the coordinates. The GPA optimally superimposed landmarks by rotating, sizing and centralizing them without compromising the overall shape from the coordinates (Rohlf, 1999; Rohlf & Marcus, 1993; Slice, 2001 ). This process produced useable X-Y Procrustes residual coordinates that could be used for a variety of multivariate analyses. In addition, the difference between Euclidean distances between the Procrustes landmarks was measured and compared for each population. Euclidean Distance Matrix Analysis (EDMA) was used to identify variance across the mean landmark positions between groups (Lele, 1993) .
To determine if there were differences in overall shape across populations, a distance-based Procrustes Analysis of Variance (ANOVA) using 1000 permutations was used to test between GPA residuals of dorsal and lateral landmarks. The Procrustes ANOVA allowed a simultaneous analysis of sum-of-squared Procrustes distances across all the coordinates instead of considering one coordinate at a time (Goodall, 1991) . This allowed the determination of significant differences in overall shape across populations using permutation analyses to generate reliable P-values (Goodall, 1991; Sherratt, 2014) .
Pairwise comparisons were conducted using permutational t-tests, with 1000 resampling iterations to determine which populations were significantly different using pairwiseD.test in geomorph. This test is specialized for comparing geometric shape variation across groups by using the Procrustes residual values that represent shape variation, and calculating P-values based on the Euclidean distances between the mean of each population (Adams et al., 2014; Collyer, Sekora, & Adams, 2015) . To visualize the results of the pairwise comparisons, coordinate data for each sculpin were converted into a single warp score using candisc (Friendly & Fox, 2010) . Warp scores were generated based on the degree and location of morphometric variance relative to the other fish in the study (Webster & Sheets, 2010; Zelditch, Swiderski, & Sheets, 2012) . Means of the values in each population were calculated as well as the Euclidean distance between those means (Sherratt, 2014) . After 1000 permutations, a Canonical Variates Analysis (CVA) was used to determine differences between groups that were calculated in the pairwise comparison. As a form of discriminatory analysis, CVA was used because it can measure differences in overall shape between the four predefined vectors (Rohlf, 1999; Zelditch et al., 2012) . The vectors identified landmarks that were major drivers in population variation. This generated the data necessary for visualization and the vegan package (Oksanen et al., 2013 ) was used to help customize the visualization.
| Meristic differences in body form
Fin ray and pore counts were compared across populations using a permutational ANOVA. Permutational ANOVA is useful when datasets do not adhere to the assumptions of a traditional ANOVA (i.e. independence, normality, and homogeneity of variances), which is common in natural and biological realms (Anderson, 2001) . To test significance across groups, a pairwise Wilcoxon Rank Sum Test was used and a Holm P-value adjustment was applied to correct for Type I errors when multiple comparisons are made (Aickin & Gensler, 1996) .
3 | RESULTS
| Differences in body morphology
There Differences in body morphology were strongly divergent not just across the continental divide, but also within the eastslope populations. All of the three eastslope populations showed a significant difference in shape (P <0.001; Table 1 snout and the dorsal spine insertion point is almost level with the eyes, contributing to the most dorso-ventrally flattened eastslope population (Figure 4 ).
| Meristic differences in body form
There were significant meristic differences in body form of Rocky
Mountain sculpin across its Canadian range. The average pore counts and fin ray/spine counts among populations were significantly different (permANOVA, P<0.001). Pore counts varied across populations by no more than five pores and fin ray/spine counts varied only by one in populations that were significantly different ( Table 2 ).
The westslope population exhibited several significant meristic differences from the eastslope populations. They had significantly more forehead pores (P<0.001), and fewer mandibular pores (P<0.001; Tables 2 and 3 ). Furthermore, the westslope population had more pectoral (P<0.001) and caudal fin rays (P<0.001) than the Lee Creek and North Milk River population (Tables 2 and 4 ).
There were some meristic variations among the eastslope popula- Tables 2 and 3 ). There were no differences in fin ray/spine counts across east slope populations. There were no meristic differences between the Lee Creek and St. Mary populations.
| DISCUSSION
Many species exhibit morphological divergence in relation to environmental gradients (Endler, 1986; Kawecki & Ebert, 2004) . Rocky Mountain sculpin exhibited strong morphological and meristic body differences across broad hydrological gradients. Specifically, higher flow rates were correlated with higher adaptive morphological (Kane & Higham, 2012; Taft, Lauder, & Madden, 2008; Webb, 1984) . The highest flow population also had fewer mandibular pores and more forehead pores than the lower flow (eastslope) population. In lotic systems, sculpin use their head pores to detect suspended prey and mandibular pores to extract buried prey (Hoekstra & Janssen, 1985) . The increase in forehead pores helps to detect drifting prey in fast currents. The reduction in mandibular pores is an example of a feature that cannot be justified by flow regime, and is possibly the result of divergence based on prolonged biogeographic isolation from other populations.
Biogeographic distance can play an important role in determining morphological divergence. The continental divide has undoubtedly influenced body morphology between westslope and eastslope Rocky
Mountain sculpin populations given that the populations have probably been isolated for about 10 000 years (Nelson & Paetz, 1992) . The westslope populations exhibited a more compressed and elongated torso than the eastslope populations, probably because of the interplay between prolonged biogeographic isolation and different flow regimes (Langerhans et al., 2003 (Kawecki & Ebert, 2004) , therefore the disconnection from the eastslope populations undoubtedly contributes to the observed morphological divergence.
Phenotypic variation is required to optimize fitness, especially in relation to stochastic environmental events (McGuigan, Franklin, Moritz, Blows, & Wainwright, 2003; Taylor & McPhail, 1985) . Since phenotypic diversity parallels genetic diversity in Rocky Mountain sculpin Mountain sculpin to adapt to rapidly changing conditions (Stearns & Kawecki, 1994) .
Understanding how biogeography and stream hydrology influences body morphology is important to improve species conservation.
Rocky Mountain sculpin are a threatened species in Canada and could be further imperilled if their dominant phenotypes are incapable of adapting to altered river conditions such as flood events and drought conditions (Lytle & Poff, 2004) . Their limited dispersal can lead to specialized morphologies and extreme events could eliminate a population.
Management efforts should be directed, therefore, toward preserving genetic diversity at the population level of the species (Riffel & Schreiber, 1998; Ruppert et al., 2017) , while focusing future research toward understanding how genotypic and phenotypic divergence change in relation to stream hydrology. Almost all fisheries management programmes are developed around preserving genetic variation, thereby protecting the species' ability to overcome unpredicted environmental circumstances (Fraser & Bernatchez, 2001 ).
| CONCLUSION
Many studies have shown that life-history characteristics are good predictors of extinction risk. These studies provide an important linkage to how biological features such as reproductive traits, habitat, and age/growth relationships can make species more susceptible to decline or put them more generally at risk (Glass, Corkum, & Mandrak, 2017; Purvis, Gittleman, Cowlishaw, & Mace, 2000; Stark, Banks, & Vargas, 2004) . These relationships have intuitive appeal as it is easy to see the linkages between life-history characteristics such as small body size, and understand how they may lead to limited dispersal and potentially a lack of connectivity between populations (and potential rescue). However, despite the importance of phenotypic plasticity in shaping local adaptations, the utility of phenotypic or morphological diversity has remained relatively understudied in the conservation literature. Here, a combination of biogeography and flow regime appear to be driving phenotypic and morphological divergence between Rocky Mountain sculpin populations. High-flow lotic systems have shifted Rocky Mountain sculpin towards minimizing body depth.
Results from this study suggest that small physical differences within the range of a fish species can have impacts on the energetic ability of the Rocky Mountain sculpin to exist in a wide range of lotic environments. By incorporating morphological diversity within the context of 
